Introduction
============

Professional burnout is a syndrome that is currently receiving much interest from scientific research and organizational specialists. The concept of burnout is characterized by typical symptoms: psychophysical or emotional exhaustion, depersonalization and diminished professional efficacy ([@B48]; [@B44], [@B49]; [@B45], [@B46], [@B47]; [@B40]). The processual character of burnout refers to cumulative negative consequences of long-term work-related stress. The core burnout symptoms are exhaustion (associated with a lack of energy, fatigue, and discouragement) and depersonalization/cynicism (associated with withdrawal, lack of motivation and emotional distance with clients, patients or co-workers). These usually lead to a further decrease in personal accomplishment and professional efficacy. However, additional effort and other compensative mechanisms may prevent these consequences ([@B7]; [@B53]). The sequential process of burnout (e.g., [@B39]) implies that the initial state of fatigue and exhaustion may lead to further psychosocial and health consequences.

There are many studies examining the antecedents and prevalence of burnout (for a review see [@B49]; [@B69]), effects on psychosomatic health ([@B3]; [@B50]; [@B25]) and work performance ([@B5]; [@B18]). Despite the fact that burnout has well-documented effects on psychophysical states, a limited number of studies have examined its influence on specific cognitive functions (e.g., [@B80]; [@B72]; [@B12]; [@B60], [@B59]; [@B16]; [@B74], [@B75]; [@B29]). Regarding the broader context of the current economic situation ([@B54]), the dynamics of workplace changes ([@B64]; [@B28]), and the prevalence of work-related stress and burnout problems, it is particularly important to study its impact on mental health, well-being and individual functioning.

Burnout and Cognitive Functions
-------------------------------

Based on the assumption that burnout is a stress-related syndrome ([@B49]), the research on the consequences of long-term stress on the brain and cognition is particularly interesting ([@B68]; [@B11]; [@B43]). [@B66] found that long-term stress is associated with decreased subjective evaluation of memory and cognitive functioning. Nonetheless, there was no significant difference with controls regarding objective tests, such as episodic memory performance, word fluency and block design performance. A systematic review provided by [@B16] distinctly showed that burnout is associated with a decline in three main cognitive functions: executive functions, attention and memory (assessed objectively using psychometric tests instead of self-reports). Impaired cognitive functioning is often reported by burnout individuals who complain about attentional and memory problems ([@B80]; [@B60]; [@B25]; [@B35]). According to [@B80], burnout subjects reveal difficulties in voluntary control over attention and the difficulties vary with the severity of burnout symptoms. The latest findings of [@B33] confirmed cognitive impairments in burnout subjects who had lower scores of immediate memory and attention and a lower total score of Repeatable Battery for the Assessment of Neuropsychological Status (RBANS). [@B33] demonstrated that lower cognitive performance in burnout was associated with decreased brain-derived neurotrophic factor (BDNF).

Error Monitoring
----------------

Regarding the core burnout symptoms of emotional exhaustion and depersonalization, cognitive processing in which emotional aspects are involved remains particularly interesting. One well-studied example of this process is error monitoring. Error monitoring is a fundamental component of behavioral regulation that has a significant adaptive function related to signaling and detection of errors that makes it possible to adjust to current and future situations. [@B13] have already shown that error monitoring plays a crucial role in an individual's adaptation, particularly in situations of environmental stress. According to their research, participants who better distinguished between errors and correct responses were less reactive to stressors and exhibited superior emotion regulation in response to stressors in daily life.

Results from electrophysiological studies suggest two main response-locked components of error processing: error-related negativity (ERN) and error positivity (Pe) ([@B21], [@B22]). ERN and Pe reflect neural activity related to action monitoring. Although these two components are observed after errors are committed, they differ in terms of timing and cognitive significance.

The ERN is a negative deflection occurring 0--100 ms after an erroneous response. It is thought to represent a rapid, automatic internal response evaluation mechanism ([@B78]). Its homolog after correct responses is correct-response negativity (CRN): an event-related potential of similar topography and source of generation, but with much less prominent amplitude. The other event-related potential component associated with the process of response evaluation is Pe: a positive deflection occurring 200--400 ms after an erroneous response and reflecting conscious error recognition ([@B23]).

The brain structure believed to underlie the process of response evaluation and error detection is the anterior cingulate cortex (ACC), a brain area that is part of the limbic system that has great importance in affect regulation and response selection ([@B32]). The ACC---especially its dorsal part---was found to be the source of the event-related potentials involved in response evaluation ([@B15]).

The findings of [@B56] and [@B19] pointed toward the clarification that ERN and Pe are different processes regarding the level of awareness. While ERN is not modulated by error awareness, Pe is. Pe is described not only as an index of conscious error awareness, but also as motivated attention allocation that enhances behavioral adjustments and may lead to improved performance ([@B56]; [@B73]).

ERN and Pe in Psychopathology
-----------------------------

Studies have suggested that a wide variety of mental or psychological disorders are associated with altered error processing; this is observable in error-related potential (ERP) patterns and is indexed by ERN and Pe components (e.g., [@B32]; [@B31]).

### ERN Component

Patients with obsessive-compulsive disorder, generalized anxiety disorder and major depressive disorder were often characterized by hyperactive early error monitoring, reflected in a larger ERN (for review see [@B82]; [@B30]; [@B52]). On the other hand, individuals diagnosed with borderline personality disorder, autism spectrum disorder (for review see [@B85]) and individuals with substance abuse and impulsive personality characteristics ([@B32]) have decreased ERN amplitude. Moreover, the amplitude of the ERN is known to be influenced by external factors. Examples include: greater amplitude when the task instruction stresses performance accuracy over response speed ([@B27]); when there is a prominent discrepancy between a correct and incorrect response ([@B23]); when the negative affect is induced during the experimental manipulation ([@B84]).

[@B62] revealed that a short-lasting subjective state manipulation evoking feelings of helplessness increased ERN amplitude (but did not differentiate the later stages of performance monitoring indicated by Pe amplitude), which proves that such manipulation can modulate some neuronal correlates of action monitoring. This leads to the assumption that context and environmental factors may be considered as independent variables influencing ERP patterns.

In their meta-analysis of the relationship between anxiety and error monitoring, [@B53] found a consistent pattern for ERP components for the pathological anxiety indexed by higher ERN amplitude. Anxiety relates to exaggerated error monitoring and is accompanied with typical symptoms including cognitive deficits, impairments in personal functioning, and strategic avoidance behaviors. Regarding the complexity of the studied construct, [@B53] indicated two main facets of anxiety: anxious apprehension and anxious arousal. Anxious apprehension is defined by excessive worry and ruminations evoked by indistinct future threats, while anxious arousal is defined by somatic tension and physiological hyperarousal evoked by present and distinct threats. Interestingly, [@B53] suggest that increased ERN relates more to anxious apprehension than anxious arousal.

[@B73] point out that depressive symptoms may also be correlated with reduced ERN or show no relation to ERN amplitude. Some data suggests that depression is associated with components that are later than ERN and Pe. [@B1] observed no differences between depressed and control groups in ERN and Pe, but found significant differences in other late ERP components, whose amplitude was higher in depressed groups. Thus, although more evidence supports the increased ERN effect in depression, the outcomes from the aforementioned findings are not conclusive.

### Pe Component

In a study on anxiety with enhanced concern over mistakes, [@B77] observed an increase in Pe amplitude. According to [@B53] the relation between the Pe component and anxiety is inconclusive as research variously shows reduced Pe, increased Pe, or revealed no association.

Considering depression and negative affect, the results consistently reveal reduced (e.g., [@B32]; [@B34]; [@B58]; [@B73]) or unaffected (e.g., [@B1]) Pe amplitude. [@B73] observed that reduced Pe was related to worse post-error accuracy and stated that reduced Pe in depressed participants may be evidence of worse resource allocation in error trials.

Error Monitoring in Burnout -- ERN and Pe Components
----------------------------------------------------

It is already proven that ERP components may be considered as significant markers for many clinical disorders. Burnout, by its correlation with depressive symptoms, negative affect, and anxiety, may also be related to the ERP patterns described above. One important aspect of the aforementioned studies is the clinical character of most studied samples. The question arises if these relationships appear in non-clinical groups. Although [@B57] claim that abnormalities of the ERN are related to relatively stable characteristics, some researchers have already proved that situational changes can modulate ERP patterns. An increase in the ERN amplitude can be observed when the task instruction stresses performance accuracy over response speed ([@B27]), or when there is a substantial difference between a correct and incorrect response ([@B23]). On the contrary, decrease in the ERN amplitude can be observed when presented stimulus is rudimentary ([@B70]), due to the fatigue ([@B71]) or in older age ([@B24]).

[@B32] suggested that exploration of response monitoring abnormalities in the context of different concepts of psychopathology is an important research area. To the best of these authors' knowledge, the proposed study is one of the first in which the problem of error monitoring is analyzed in the context of burnout. All the above findings support the idea of electrophysiological indices in burnout groups. The question then arises as to what the specific pattern of ERN and Pe components in burnout groups is. Considering significant correlations between ERP components and clinical disorders, particular attention is paid to the characteristics of the studied group.

The Severity of Symptoms -- Clinical and Non-clinical Burnout
-------------------------------------------------------------

The degree of burnout refers to the range and severity of the symptoms. In the literature, a popular distinction which refers to clinical and non-clinical burnout groups can be found ([@B59]). The non-clinical burnout group refers to burnout symptoms among employees who can still do their job. The clinical burnout group consists of employees who reveal severe burnout symptoms and who are not able to perform efficiently or are unable to perform their duties at work. The latter group usually requires professional treatment to overcome employees' problems ([@B79]). Interestingly, some researchers also indicate the sociocultural context that defines clinical or non-clinical connotations of burnout subgroups. For example, [@B69] point out that burnout severity does not only refer to intensity of the consequences of long-term work-related stress, but also to the broader context of the methods of diagnosis and treatment.

Burnout subjects who are drug-free, currently working, and describe themselves as 'healthy individuals' without any psychiatric or neurological disorders are assumed in the presented study to refer to a non-clinical group.

Summarizing the above findings, it may be concluded that burnout individuals should reveal impaired response to potentially stressful events. On the basis of existent studies on cognitive impairments, a significant difference between burnout and controls in error processing is expected. Thus, the following main research hypothesis is proposed:

*General hypothesis:* Compared to controls, burnout subjects reveal different ERP patterns in error processing indexed by ERN and Pe amplitudes.

Considering strong burnout correlations with anxiety and depressive symptoms, it can be hypothesized that burnout subjects should reveal increased ERN, as enhanced ERN was observed in most studies in negative affect and depressive or anxiety samples (e.g., [@B32]; [@B34]; [@B53], respectively).

Regarding the Pe component, it reflects conscious aspects of error monitoring, therefore depletion rather than enhancing would be expected. This would correspond with withdrawal, inhibition, distancing and emotional detachment as symptoms of cynicism and would be in line with some EEG research on depressive symptoms ([@B32]; [@B34]; [@B58]; [@B73]).

Thus, referring to the presented literature review, two specific hypotheses are introduced:

1.  *Hypothesis A*: Burnout subjects reveal enhanced ERN amplitude in error processing.

2.  *Hypothesis B*: Burnout subjects reveal decreased Pe amplitude in error processing.

Materials and Methods {#s1}
=====================

Participants
------------

The study was conducted on a group of 80 participants (47 females; mean age = 36.00 years; *SD* = 7.77 years) selected from an initial group of 100 subjects. Participants were excluded on the basis of inconclusive questionnaire results (11 participants), poor EEG data quality (5 participants), and insufficient number of committed errors (4 participants).

This study was carried out in accordance with the recommendations of the APA Ethics Code. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The study protocol was approved by the Bioethics Commission at Jagiellonian University.

Participants were employees with at least 1.5 years of work experience, ranging in age from 25 to 55. They were recruited to the study after completing the Maslach Burnout Inventory -- General Survey (MBI-GS; [@B44]) and the Areas of Worklife Survey (AWS; [@B40]). The presence of burnout symptoms was rechecked with the use of the Link-Burnout Questionnaire (LBQ; [@B67]) at the time of the EEG session.

Subjects were paid for their participation. All of them were reported to be active workers, not to work night shifts, with normal or corrected-to-normal vision. They all described themselves as being right-handed, not suffering from any neurological disorders, not being addicted to psychoactive substances, and not being pregnant.

Based on MBI-GS and AWS results, subjects were divided into two groups: the burnout group and the control group. The burnout group is characterized with high scores on exhaustion (\>4) and cynicism (\>4) and medium scores on efficacy (\<3.5). Additionally, to ensure the work-related context of burnout symptoms, only subjects with low scores in at least three of six AWS scales were selected for the burnout group. Low AWS scores indicate the mismatch between individual and work environment in six work-related areas: workload, control, reward, community, fairness, and values. Furthermore, to control individual characteristics, trait anxiety, neuroticism and depressive symptoms were analyzed on the basis of the State-Trait Anxiety Inventory (STAI; [@B76]), NEO Five-Factor Inventory (NEO-FFI; [@B14]), and Beck Depression Inventory ([@B4]), respectively.

Results of the burnout group (*N* = 40) and demographically matched (including educational level) healthy reference subjects (*N* = 40) were analyzed in the study. The mean age of the burnout group was 37.60; *SD* = 7.27 years (23 females); the mean age of the control group was 34.40; *SD* = 8.02 years (24 females). The descriptive statistics of the burnout and control groups are presented in **Table [1](#T1){ref-type="table"}**, including burnout symptoms, work-life areas, anxiety, neuroticism and depressive symptoms and independent *t*-tests with *p*-values.

###### 

The means (M) and standard deviations (SD) for the burnout and control groups on burnout symptoms (exhaustion, cynicism, and efficacy), depressive symptoms, neuroticism, anxiety, work-life areas, and independent-sample *t*-test between burnout and controls.

                  BURNOUT (*N* = 40) *M (SD)*   CONTROL (*N* = 40) *M (SD)*   *t*-value (*df* = 78)
  --------------- ----------------------------- ----------------------------- -----------------------
  **MBI-GS**                                                                  
  *Exhaustion*    4.32 (0.83)                   1.86 (0.70)                   --14.34^∗∗∗^
  *Cynicism*      4.11 (0.82)                   1.44 (0.63)                   --16.34^∗∗∗^
  *Efficacy*      3.22 (1.11)                   4.53 (0.60)                   6.58^∗∗∗^
  **BDI**                                                                     
  *Depression*    15.58 (7.18)                  4.45 (4.18)                   --8.47^∗∗∗^
  **NEO**                                                                     
  *Neuroticism*   27.85 (7.71)                  14.98 (6.09)                  --8.29^∗∗∗^
  **STAI-T**                                                                  
  *Anxiety*       51.30 (8.19)                  39.45 (6.78)                  --7.05^∗∗∗^
  **AWS**                                                                     
  *Workload*      2.24 (0.82)                   3.23 (0.84)                   5.36^∗∗∗^
  *Control*       2.42 (0.95)                   3.45 (0.67)                   5.60^∗∗∗^
  *Rewards*       2.36 (0.72)                   3.44 (0.65)                   6.96^∗∗∗^
  *Community*     2.65 (0.99)                   3.58 (0.69)                   4.89^∗∗∗^
  *Fairness*      1.93 (0.63)                   3.09 (0.57)                   8.66^∗∗∗^
  *Values*        2.71 (0.69)                   3.57 (0.54)                   6.16^∗∗∗^

∗∗∗

p

\< 0.001.

Task
----

Participants were presented with an arrow-headed version of the flanker task ([@B20]). In this paradigm, participants respond to a target presented in the middle and are asked to ignore a simultaneously presented flanker stimuli. The task consists of two stimuli types: congruent, where target and flanker are alike, and incongruent, where target and flankers differ ([@B81]). Overall, the Eriksen flanker task is an example of a response-monitoring task and is characterized by good internal consistency and external validity ([@B57]; [@B26]).

In the current experiment, five horizontally aligned arrowheads were presented in random order on each trial. Incongruent (i.e., \< \< \> \< \< or \> \> \< \> \>) and congruent stimuli (i.e., \< \< \< \< \< or \> \> \> \> \>) were presented in a 2:1 ratio to enforce the maximal number of committed errors. All stimuli were presented for 200 ms and the submitted response was followed by an ITI that varied from 800 to 1200 ms (mean 1000 ms).

Experimental Procedure
----------------------

Participants were seated at a viewing distance of approximately 60 cm and were instructed to press the "1" button with their left index finger if the center arrow was facing to the left and to press the "2" button with right index finger if the center arrow was facing to the right. Responses were submitted using SRbox (Psychological Software Tools Inc.). Moreover, they were told to respond both as quickly and as accurately as possible. Participants performed a practice block containing 20 trials, during which they were presented with external feedback indicating a good, bad or too slow response (the "too slow" screen appeared every time the response was slower than 500 ms, to force participants to respond as quickly as possible during the main experimental block). The actual task consisted of 5 blocks of 60 trials each (300 trials total). Participants were able to control the length of the inter-block interval.

Psychophysiological Recording, Data Reduction and Analysis
----------------------------------------------------------

Continuous dense-array EEG data (HydroCel Geodesic Sensor Net, EGI System 300; Electrical Geodesic Inc., Eugene, OR, USA) was collected from a 256 channel EEG at a sampling rate of 250 Hz (band-pass filtered at 0.01--100 Hz with a vertex electrode as a reference) and recorded with NetStation Software (Version 4.5.1, Electrical Geodesic Inc., Eugene, OR, USA). The impedance for all electrodes was kept below 50 kΩ. The offline data analysis was conducted with open source EEGLAB toolbox^[1](#fn01){ref-type="fn"}^ ([@B17]). Data was digitally filtered to remove frequencies below 0.5 Hz and above 35 Hz. Average reference was recomputed, and bad channels were automatically removed by kurtosis measures with a threshold value of five standard deviations. Next, continuous data was visually inspected in order to manually remove channels or time epochs containing high-amplitude, high-frequency muscle noise, and other irregular artifacts.

Independent component analysis was used to remove artifacts from data. Due to the large number of channels, decomposition of EEG data with the Infomax algorithm was preceded with Principle Component Analysis. Fifty independent components were extracted and visually inspected for each subject. On the basis of the spatiotemporal pattern ([@B6]; [@B36]), components recognized as blinks, heart rate, saccades, muscle artifacts, or bad channels were removed. Missing channels were interpolated and ICA weights recomputed.

The EEG was segmented for each trial beginning 200 ms before each response onset and continuing for 1000 ms (i.e., for 800 ms following the response), and a 200 ms window from -200 to 0 ms prior to response onset served as the baseline.

The response-related brain activity was measured at the FCz electrode site (average of four fronto-central electrodes), where the error-related activity is maximal. The ERN was evaluated as the mean activity on error trials in the 70--90 ms post-response time-window. The same time-window was applied to epochs containing correct responses to assess the amplitude of CRN. The Pe was defined as the mean activity from 260 to 310 ms following both correct and erroneous responses.

Behavioral measures included both the number of error trials for each subject, as well as accuracy expressed as a percentage of incorrect trials. Moreover, average reaction times (RTs) on error and correct trials were calculated separately. Trials were removed from the analysis if RTs were faster than 200 ms or slower than 1000 ms (1.3% of all trials).

A paired *t*-test was separately performed for the ERN and PE time-windows to assess the significance of the difference between the mean post-response amplitude for error and correct trials.

The post-error mean amplitudes were tested separately for the ERN and the Pe time-window using a *t*-test to assess whether there was a significant difference between the burnout and control group. Similar analyses were performed for mean post-correct amplitudes.

Results
=======

Behavioral Results
------------------

Accuracy and RT data are presented in **Table [2](#T2){ref-type="table"}**. The number of committed errors did not differ between the groups. RTs varied significantly as a function of accuracy \[*F*(1,78) = 205.32, *p* \< 0.001\], with responses significantly faster on error than correct trials. Moreover, there was a significant difference in RT between the burnout and control group \[*F*(1,78) = 4.67, *p* \< 0.05\], with controls responding significantly faster. However, no interaction effect was found. The analysis of post-error and post-correct RT revealed significantly faster responses following errors \[*F*(1,78) = 200.93, *p* \< 0.001\], with no significant difference between the burnout and control group.

###### 

Mean response times and accuracy values for burnout and control group.

                                      BURNOUT (*N* = 40)   CONTROL (*N* = 40)
  ----------------------------------- -------------------- --------------------
  **Reaction time (ms)**                                   
  Error trials                        396.25 (93.86)       363.43 (63.43)
  Correct trials                      467.84 (67.08)       435.85 (51.70)
  **Post-trial reaction time (ms)**                        
  Post-error trials                   398.84 (92.80)       371.50 (64.90)
  Post-correct trials                 470.26 (65.80)       438.95 (51.22)
  \% of errors                        4.7%                 5.7%

Standard deviation values are noted in brackets.

Psychophysiological Results
---------------------------

**Figure [1A](#F1){ref-type="fig"}** presents the grand average response-locked ERP waveform at the FCz recording site, comparing correct and error trial waveforms for burnout group and controls. The presented waveforms depict a difference in the post-error activity (red line) for the ERN component (marked by the first gray shadow bar) and the Pe component (marked by the second gray shadow bar) between the burnout (dotted line), and control (solid line) groups. The gray line presents post-correct ERP waveform (dotted line -- burnout, solid line -- control). **Figure [1B](#F1){ref-type="fig"}** presents topographic maps for the burnout (top) and control (bottom) groups, depicting voltage differences (in uV) across the scalp for error minus correct responses in the time-window of the ERN (80 ms) and Pe (300 ms). In addition, **Table [3](#T3){ref-type="table"}** presents grand-average mean amplitude values of ERN, CRN, and Pe (for both post-error and post-correct trials, respectively) for burnout, control, and total number of participants.

![**(A)** Grand-average error-related potential (ERP) waveform after correct (black line) and incorrect (red line) response at the FCz electrode site for burnout and control group **(B)**. Scalp topography of the error-difference wave (error-correct) 80 and 300 ms after the response for burnout and control group. Gray rectangles denote the time-windows selected for the ERP analyses.](fpsyg-08-00676-g001){#F1}

###### 

Grand-average mean amplitude values of error-related potential (ERN), correct-response negativity (CRN), and error positivity (Pe) (for both post-error and post-correct trials, respectively) for both burnout and control groups, and total number of participants.

                          Grand-average amplitude in μV (SD)                  
  ----------------------- ------------------------------------ -------------- --------------
  ***ERN***               -3.12 (2.56)                         -2.01 (2.36)   -2.57 (2.51)
  ***CRN***               0.29 (1.38)                          0.87 (1.49)    0.58 (1.46)
  ***Pe***                                                                    
  *Post-error trials*     0.89 (2.66)                          2.69 (3.72)    1.79 (3.34)
  *Post-correct trials*   -1.08 (1.66)                         -0.64 (1.72)   -0.86 (1.69)

The ERN/CRN
-----------

**Figure [2A](#F2){ref-type="fig"}** presents mean amplitude values of the post-error and post-correct response ERP components in the time-window of the ERN/CRN for the burnout and control groups. There was a significant difference between the response-related post-error (*M* = -2.57, *SD* = 2.51) and post-correct (*M* = 0.58, *SD* = 1.46) mean amplitude; *t*(79) = -9.54, *p* \< 0.001. Thus, the significantly more negative mean amplitude for the erroneous trials and the mean amplitude for the correct trials account for the ERN and CRN, respectively.

![**(A)** Mean amplitudes of post-error (red) and post-correct (gray) response ERP waveforms in a time-window of ERN for burnout and control group. **(B)** Mean amplitudes of post-error (red) and post-correct (gray) response ERP waveforms in a time-window of error positivity (Pe) for burnout and control groups. Vertical bars denote standard errors; asterisks denote statistically significant differences.](fpsyg-08-00676-g002){#F2}

The analysis of a between-groups difference in the mean post-error activity revealed that burned-out participants had a significantly larger ERN, i.e., more negative amplitude (*M* = -3.12, *SD* = 2.56) than the control group (*M* = -2.01, *SD* = 2.36); *t*(78) = 2.02, *p* \< 0.05. The amplitude of the CRN did not differentiate the groups \[*t*(78) = 1.79, *p* \> 0.05\] (for reference, see **Figure [2A](#F2){ref-type="fig"}** and **Table [3](#T3){ref-type="table"}**).

The Pe
------

**Figure [2B](#F2){ref-type="fig"}** presents mean amplitude values of the post-error and post-correct ERP components in the time-window of the post-response positivity for the burnout and control groups. In the time-window of post-response positivity, there was a significant difference between the response-related post-error (*M* = 1.79, *SD* = 3.34) and post-correct (*M* = -0.86, *SD* = 1.69) mean amplitude; *t*(79) = 7.57, *p* \< 0.001. Thus, the Pe had significantly more positive mean amplitude for erroneous trials than correct ones.

The analysis of a between-groups difference in the mean post-error activity revealed that burned-out participants had a post-error Pe of significantly smaller (i.e., less negative) amplitude (*M* = 0.89, *SD* = 2.66) than the control group (*M* = 2.69, *SD* = 3.72); *t*(78) = 2.02, *p* \< 0.05. The amplitude of the post-response activity in the time-window of Pe after correct responses did not differentiate the groups \[*t*(78) = 1.1, *p* \> 0.1\] (for reference, see **Figure [2B](#F2){ref-type="fig"}** and **Table [3](#T3){ref-type="table"}**).

Discussion
==========

The presented study examined neural mechanisms of error processing among burnout individuals compared to a control group. The results are discussed in the context of behavioral research, ERP studies, as well as theoretical models and conceptions. The findings are also related to important scientific discussion on the overlapping effects of burnout, specific individual traits, and other symptoms and disorders.

Behavioral results revealed a significant difference in RTs, with controls responding significantly faster, but did not show a significant error rate difference between the groups. Therefore, notable behavioral adjustments in the burnout group lead to prolonged RTs on trials subsequent both to correct and erroneous trials, thereby reflecting a more cautious response mode that is consistent with earlier research ([@B63]; [@B65]). The effect of post-error slowing is not observed in the presented study. [@B73] concluded that post-error slowing may not be an inherent and adaptive reaction in each error commission situation: specific task context may be an important moderator here. The obtained behavioral results are consistent with many studies on depression (see for review [@B73]) that suggest that in relatively simple flanker tasks, post-error performance impairments were not observed.

The presented results indicate that burnout individuals react slower, although no differences were observed on the performance level. The results are consistent with [@B53] analysis: correlations between ERN and error range were found in only 3 of 37 reported studies; furthermore, in most studies performance level did not differentiate anxious and control groups. Moreover, none of the studies revealed a relationship between anxiety and RT.

The behavioral data is in line with [@B59] study, which compared three groups: clinical burnout, non-clinical burnout, and healthy control group. Only a mild impairment in cognitive test performance was observed in the clinical burnout group. The impairment was associated with slower RT, but no evidence of impaired cognitive functions was found. Similarly, [@B18] did not observe any differences in performance between exhausted and not exhausted subjects if tasks put low demands on executive control. The significant difference was observable only when a task was associated with high demands on executive control. [@B18] confirmed worse performance among burnout individuals, but only in specific circumstances. Similar tendencies were reported by [@B61]. In many cases, only by analyzing particular conditions or certain detailed aspects of individual functioning was is possible to differentiate burnout subjects from controls. Furthermore, as many findings did not reveal a significant performance level difference between burnout/long-term stressed subjects and control groups, the criterion of lower efficacy and impaired performance is not so evident. Therefore, deeper and more detailed analyses could explain the specific problems of cognitive functioning among burnout subjects.

ERN and Pe Components in Burnout
--------------------------------

In terms of ERPs, participants diagnosed with burnout syndrome were characterized by significantly greater ERN amplitude in error trials, suggesting that this stress-related syndrome modulates the first stage of error processing linked with automatic detection of errors ([@B23]).

The relation between ERN and depression and anxiety is not consistent in existing research; therefore, it is especially desirable to compare results referring to similar tasks. [@B73] compared the results of their study on depressive disorder to other EEG studies. The researchers pointed that their observation of reduced Pe and intact ERN is similar to studies in which a flanker task was used (cf. [@B58]). In terms of corresponding task demands, one could conclude that the burnout group can be distinguished from the depressive group on the basis of decreased ERN in error trials.

Regarding the phase of error monitoring, ERN demonstrates the first reflexive reaction, which seems to be exaggerated among burnout subjects. If, as pointed out by [@B42], ERN is not linked to error detectability, it may imply that error commission is more significant for burnout subjects and evokes a stronger electrophysiological response.

[@B27] and [@B57] suggested that ERN might relate to the significance of an error as it reflects ongoing evaluation of the response correctness and response conflict. If errors may be considered salient events which evoke emotional and motivational responses, the neural response for such events may be perceived as an index of an individual's emotional and motivational state. Thus, increased ERN in burnout may be a manifestation of both the significance of committed errors and increased sensitivity to committing errors. It can furthermore be an index of enhanced emotional reaction to erroneous response in burnout subjects.

Increased ERN in burnout may be described in terms of contemporary models of psychopathology ([@B37]) and related to symptoms of internalizing disorder and core personality traits, i.e., neuroticism, negative emotionality, and behavioral inhibition. The dichotomic tendency in ERP changes ([@B32]) refer directly to internalizing and externalizing disorders. Hyperactive error processing indexed by increased ERN may characterize internalizing disorders, while hypoactive error processing indexed by decreased ERN may reflect externalizing disorders.

Significant correlations between burnout and anxiety, depressive symptoms and neuroticism have been revealed in many cited works. Additionally, most of these personality traits correlate with increased ERN (e.g., [@B2]). Overall, it may be concluded that both objective and subjective measures support the idea of internalizing the nature of burnout syndrome.

Furthermore, [@B41] and [@B32] argued that increased ERN is not typical of pathological conditions of anxiety or depression; however, it reflects their underlying, core attribute, i.e., negative affect. Taking this perspective, it may be assumed that negative emotionality underlines the problems of impaired error processing in burnout individuals.

Smaller Pe in burnout subjects after erroneous responses implies reduced error awareness and attention allocation. Presumably, it is the basis for maladaptive reactions to failures. As is emphasized by [@B73], the trend of reduced Pe may be linked to diminished ability to adapt after failures, impaired coping strategies and helpless behavior.

If Pe, as much evidence indicates, reflects the conscious awareness of error commission (cf. [@B56]; [@B55]; [@B73]), reduced Pe amplitude in burnout groups may be associated with the decreased conscious detection of committed errors and reduced ability to allocate attention in order to minimize the possibility of committing errors in the future.

Pe relates to post-error behavioral adjustment and may be linked to slower or more accurate responses (e.g., [@B56]; [@B73]). The presented findings have revealed no differences in post-error behavioral measures. In this context, lower Pe may be interpreted in relation to diminished awareness of mistakes. The presented findings have not revealed any difference in post-error behavioral measures, so in this context lower Pe may be interpreted in relation to diminished awareness of mistakes. Maintenance of the same level of performance may stem from possible compensatory mechanisms developed by burnout subjects which require greater effort. In more complex and demanding tasks or situations, a decrease in Pe may be reflected by lower efficacy, which is a typical burnout symptom.

The 'Hidden Costs' of Burnout
-----------------------------

Some neuroimaging studies (for a review see [@B7]) have revealed that increased neural activity in anxiety was linked to a possible compensatory effort. This helped to explain the maintaining of high performance in a broad range of attentional and memory tests. [@B53] suggest that enhanced ERN may be an index of the compensatory effort and greater utilization of processing resources.

All of this leads to the conclusion that not effectiveness but efficiency is essential to the correct understanding of burnout. Although burnout subjects do not differ from control subjects in performance level (especially in non-demanding tasks), the costs invested in action performance may be higher. The 'effort to effect' ratio may be inadequate for expectations and needs. The costs of additional effort implemented in task performance may cause a state of imbalance that might subsequently activate defense mechanisms.

Burnout and Reactive and Proactive Control
------------------------------------------

The results can also be discussed from the perspective of [@B9] 'dual mechanisms of control' theory. Similar conclusions were drawn by [@B73] in relation to specific Pe patterns in depressed symptoms, and by [@B53] regarding specific ERN patterns in anxiety. Braver explains the alternating nature of cognitive control and proposes a dual-mechanism framework. He focuses on the diversity and temporal dynamic of cognitive control processes. The differences between the two aspects of control refer to reactive and proactive control. Reactive control relates to transient, stimulus-driven goal reactivation, while proactive control enables optimal cognitive performance and refers to anticipatory maintenance of goal relevant information ([@B9]).

[@B73] speculate that depressive symptoms are associated with problems of the engagement of proactive control. As the presented results in the aspect of Pe amplitude are similar to [@B73] findings, it leads to the hypothesis that a similar assumption may arise in the context of burnout. Moreover, regarding hyperactive error processing related to the initial, unconscious stage indexed by increased ERN amplitude, an additional presumption may refer to problems with adequate reactive control in burnout. This is in line with [@B53], who emphasize that enhanced ERN is associated with increased transient reactive control and reduced preparatory proactive control. [@B53] argue that it may be explained by the compensatory error-monitoring hypothesis. Particularly for anxiety, increased ERN is associated with distracting effects of worry, and a compensatory effort is dedicated to constant reactivation of task goals (enhanced reactive control).

Proactive control is a cognitively demanding process as it relates to active maintenance of goals and rules that facilitate future performance. Reactive control is less effortful: it involves allocating attention to goals and rules as and when required ([@B9]). According to Braver, healthy subjects are able to flexibly change between reactive and proactive control modes. Increased ERN in chronically anxious people may indicate a stronger 'reactive control mode,' which can deplete resources for proactive control and hence the ability to actively maintain goals.

Burnout and Individual Traits
-----------------------------

[@B85] work is a rare example in which error processing and ERP components in long-term stress context were studied. Their research is particularly interesting as the stress influence was analyzed in a homogenous group of subjects whose personality trait characteristics did not differentiate the compared groups. Long-term academic stress evoked an increase in Pe amplitude but did not influence ERN amplitude. This might implicate a significant role of trait characteristics as variables determining the ERN component in subjects influenced by long-term environmental stress. Comparing [@B85] study with presented findings, it may be assumed that enhanced Pe in [@B85] study reflected higher motivational assessment in the stressed group, while in the presented study enhanced ERN reflects higher emotional response (generally) and decreased Pe (lower motivational assessment), but only in the situation of error commission.

The presented findings may also stem, to some extent, from individual differences in anxiety traits and neuroticism. On the one hand, the differences are well-documented variables that are linked to larger ERN amplitude ([@B83]), while on the other hand they are significant predisposing factors to burnout ([@B38]; [@B51]).

[@B79] point out that burnout overlaps with anxiety and depressive disorders. [@B8] even concluded that it is questionable if the two distinct entities of burnout and depression should be introduced. Instead, the two main dimensions of burnout---exhaustion and depersonalization---are seen as depressive responses to a negative work-related environment.

The presented findings address the scientific discussion on the differences between burnout and other disorders, such as depression ([@B10]). On the electrophysiological level, both depressive and burnout individuals differ in the magnitude of ERN amplitude as compared to controls, but only major depressive disorder leads to differences in Pe amplitude ([@B58]). Anxiety, another strong burnout correlate, also indicates ERN amplitude differences. Anxious subjects consistently demonstrate increased ERN response throughout the various pieces of research. On the contrary, anxious individuals do not present slower RTss, as was observed in burnout subjects who were significantly slower than controls. Thus, the presented study provides more evidence of the overlapping effect between these disorders, but also introduces important differences: ERP patterns in error processing and behavioral measures (RTs) in burnout resemble neither patterns observed in anxious individuals, nor in depressive ones. In fact, the relationships observed in the burnout group can be described as a combined anxiety-depression pattern.

Limitations
-----------

The limitation of the presented study refers to the causal relationship between burnout and abnormal psychophysiological indices of response monitoring. [@B32] showed that negative affect was connected with enhanced ERN and reduced Pe, but emphasized that the causal interferences relating negative affect and abnormal ERP patterns required experimental manipulation. Similarly to their assumption, in the presented study it would be possible to state the causal effect if it were possible to observe the influence of change in burnout symptoms (in the sense of level and severity) on psychophysiological responses in the long-term.

Another limitation refers to the difficulty in distinguishing burnout from other closely related characteristics and symptoms such as neuroticism, anxiety or depression. In the presented study, neuroticism, anxiety and depression were highly correlated with burnout; this is consistent with existing data ([@B38]; [@B51]; [@B79]). It is possible to separate subjects with, e.g., comparable levels of depressive symptoms, but this would result in studying non-typical burnout and healthy samples. The distribution of neuroticism, anxiety and depression differs between burnout and healthy samples and much research has proved these interdependencies.

An additional limitation of the presented study is that it relied on self-report measures of burnout and related constructs (such as depression), which have satisfying validity but are not the only means of assessing analyzed stress-related syndrome. Therefore, further research should be enriched by independent diagnosis performed by a clinical psychologist.

When analyzing the individual histories and context determinants of tested burnout subjects, it may be concluded that their state was highly influenced by their work-related environments. Additional measures (AWS, structured interview) were incorporated to find the source of their problems. This made it possible to ensure that work-related stress was at least to some extent a causal factor of deterioration in subjective well-being. Still, there is a question: to what extent? Longitudinal studies could find if individual characteristics and work-related conditions and stressors should be considered in parallel with the well-being of workers (studied with subjective and objective measures). The complexity of possible factors influencing all those relationships, such as subjects' health, personal history, changing work demands and resources, etc., reveal the difficulties of this study design. Leaving aside individual characteristics, which always play an important role in burnout, methodological issues limit the more precise estimation of the extent of solely work-related stress. Previous research and existing data show that individual characteristics such as neuroticism, anxiety, negative affect and depressive symptoms are associated with burnout, some of them may predispose burnout, and they are close to burnout in some behavioral and neural manifestations.

Thus, it may be concluded that there is no clear distinction between patterns of neural activity underlying burnout syndrome and those associated with, e.g., anxiety or depression. The observed neural activity reflects a subtle cognitive impairment in error processing which is not exclusively related to burnout. Moreover, regarding biographical and contextual analyses it may be assumed that these impairments, at least to some extent, might be a result of work-related long-term stress.

Conclusion
==========

The obtained results indicate impaired error processing in individuals presenting burnout symptoms; cognitive impairments are indexed by enhanced ERN and decreased Pe amplitude.

This conclusion supports the research hypotheses: compared to controls, burnout subjects reveal different ERP patterns in error processing, indexed by enhanced ERN and decreased Pe amplitudes. The deficits in cognitive control in burnout subjects refer to two phases of error monitoring: error detection (indexed by ERN) and response monitoring (indexed by Pe), which might have a further influence on implementation of adequate behavioral adjustments.

*Error processing among burnout individuals relies more on reactive control, which seems to have a negative influence on proactive control*.

In the context of the presented studies and theories, it may be assumed that two kinds of cognitive impairments are found in burnout groups: inadequate reactive control, which refers to exaggerated reaction to errors, and insufficient proactive control, which is associated with reduced response monitoring and impaired goal-oriented processes. The first impairment is possibly linked to high sensitivity to salient, negative stimulus and anxious apprehension, while the second is associated with diminished cognitive resources to actively plan and monitor further actions.

The conclusions of the presented study relate to error detection and error monitoring and should not be generalized on other aspects of information processing.

The significant difference in the ERN and Pe amplitudes between the burnout and control group were observed only in error trials. The results might suggest that burnout did not influence the phase of conscious recognition and did not modulate the level of action awareness in neutral or positive events (as in the correct trial). Further research could consider other examples of salient events and emotion-related stimuli to verify whether these findings reveal universal cognitive processes of error monitoring in burnout subjects, or are specific task-related correlations.

Changes in ERN characteristics in the burnout group may be analyzed as symptoms or markers of pathological processes with abnormal response monitoring.

In a broad review of functional, neurobiological, and developmental studies, [@B57] concluded that increased error-related brain activity indexed by ERN amplitude is associated with the internalizing dimensions of psychopathology and that neural and information-processing abnormalities may indicate the risk of developing psychopathology. The presented study provides support for the possible underlying mechanisms of the cognitive deficits/impairments in burnout individuals. This may help in understanding worse performance on cognitively demanding tasks that require efficient cognitive processing and extend the knowledge of mechanisms that refer to exhaustion and depersonalization.

When studying ERPs as biomarkers of psychotic disorders, [@B26] revealed that task specificity might strongly influence the outcomes and conclusions. This is an important suggestion for future studies: the relations between error monitoring impairments and psychopathological symptoms should be related to specific task demands as important moderators of studied mechanisms.

To sum up, the results of this study hold the promise of identifying ERP as a clinically useful measure for detecting risk of specific cognitive impairments (error monitoring impairments) among burnout individuals and adds to the body of knowledge of cognitive functioning, which might be helpful in providing care for burnout individuals.
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